examines the shielding effect of the mean flow and refraction of sound in non-axisymmetric
We assume that noise is dominated by small-scale tur- length-scale small relativeto theacoustic wave length. It shouldbe notedthat the compactness condition is notthatrestrictive andmayholdtrueeven atmoderate Machnumbers. Assuming that noise is dominated by fine-scale turbulence, contributions fromthe self-noise term,in absence ofrefraction andconvection, is shown to bedueto afourth-order space-time correlation func-
tion v, viv _ t As is usually done, the above term is expressed as a linear combination of second-order correlations viva. This is followed by the space-time sepa- With c3 = 0 and g(T) = e -c'(_l_*)2-c_l_/T°l we have
and ercf(T) denotes a complementary error function.
Constant c2 provides additional flexibility to shape the spectra at higher frequencies.
With c2 = 0, the solution reduces to that given in Ref. 11. All acoustic predictions presented here are based on equation (4a) with ci = 2.0 and c2 = 1.0e-5. 
where Ue is the source convection velocity and w is the observer frequency related to source frequency f_ as 
Roughly speaking, when the difference between Uo and U¢ is small, and assuming that Uoo is negligible, the directivity pattern scales as (1 -_ • po) -3 outside the zone of silence. Near and within the boundary of zone of silence, the factor ('_.z!__Wl 0(0oo, ¢oo)/(9(/_, 6) 1 hi-\ sin 0e, o 111 ters the above directivity and results in concentration of noise near the boundary of zone of silence, i.e., a sharp peak followed by a rapid decay into the zone of silence. 
Aerodynamic Predictions
where z denotes the streamwise direction. (6) and (7) numerically as a boundary-value problem.
Once the missing initial values are found, they may be used as a first guess for the neighboring source volume element AV and the process continues.
In order to integrate the propagation equations, a Shown in figure 6 is the boundary of zone of silence for sources located on the major axis plane, x-y, of the elliptic jet. The source axial location is indicated as the parameter Xo/Deq. It is clearly seen that for the most part, more energetic segments of the jet, i.e. sources near the lip-line Yo/a = 1.0, radiate primarily in direction of 0* = 50% This is consistent with the reported directivity for the high Strouhal number noise for Mach 1.5 elliptic jet. Sensitivity of the zone of silence with respect to azimuthal source location is shown in figure  7 . Generally speaking, the flow asymmetry will result in an increase in the size of cone of silence as the source moves azimuthally closer the minor axis. in the peak noise level, though the size of the zone of silence seems somewhat exaggerated. Predicted spectra for the two jets are shown in figures 9 and 10.
We apply a three-dimensional geometric acoustic (3DGA) approach to assess the general directivity of sound for the elliptic jet. A matrix of five polar angles 0oo = 50°to 110°, in increments of 15°, and four azimuthal angles ¢oo = 0°to 90°, increments of 30°is selected.
Shown in figures lla and llb are the HFGA spectral predictions along the major axis side of the elliptic jet. Spectral measurements, converted to 1/3-octave band, as well as the quasi-3D predictions are shown in these figures. Data shows some shift in the spectral peak to higher frequencies with increasing polar angle 000. The prediction methods do not exhibit a similar shift as data.
It is conjectured that this may be associated with simplistic replacement of the fourth-order space-time correlation functions.
Azimuthal directivity ( figure  12) , for the most part, shows 2 dB lower noise along the major axis side, in good agreement with data of figure 8 . Due to the immense numerical calculations associated with rayacoustic predictions, the volume integration was limited to the more energetic elements within the jet. This might reflect as several dB difference in the noise level as seen in figure 13 . In addition, predicted zone of silence appears much larger than measurements (figure 13 ).
Arguably, this may relate to the absence of a frequency-dependent factor in the first term of the expansion series is selected for the GA predictions. shown in figure 14 . It is seen that the predicted spectra show improvements relative to case when c2 = 0.0. Figure  15 demonstrates the spherical directivity for a typical jet segment at 4.3 < X/Deq < 5.8. This figure suggests that the basic azimuthal pattern of jet noise may be captured readily by selection of appropriate source elements within acoustically active regions of the flow and without a need for complete volume integration.
Concluding Remarks
We presented a methodology for prediction of jet mixing noise due to noncircular jets. A shock-free elliptic jet with an aspect ratio of AR=2:I was considered. Predictions assume that noise is generated by small scales of motion and is dominated by the high end of the spectra. 
